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Liver Transplantation-The First 25 Years
These discussions are selected from the weekly staff conferences in the Department of Medicine, University of
California, San Francisco. Taken from transcriptions, they are prepared by Drs Homer A. Boushey, Professor of
Medicine, and David G. Warnock, Associate Professor of Medicine, under the direction of Dr Lloyd H. Smith, Jr,
Professor of Medicine and Associate Dean in the School of Medicine. Requests for reprints should be sent to the
Department of Medicine, University of California, San Francisco, School of Medicine, San Francisco, CA 94143.

RICHARD K. ROOT, MD*: Liver transplantation has re-
cently movedfrom the realm ofexperimental therapy to

that of effective therapyfor certain forms ofhepaticfailure.
This Medical Staff Conference, which brings us up to date
with advances in this area, has been organized by Nancy L.
Ascher, MD, Director of the Liver Transplant Program at
UCSF; and her colleagues, John P Roberts, MD, andJohn R.
Lake, MD.

NANCY L. ASCHER, MD, PhDt: This year marks the 25th anni-
versary ofclinical liver transplantation; Thomas Starzl, MD,
performed the first human liver transplant in 1963.1 Al-
though this sparked worldwide interest in the field, long-term
survival was not attained until 1967.2 Early one-year survival
rates were poor, about 30%, until 1980 when cyclosporine
was introduced as the principal immunosuppressive agent.3
Using cyclosporine-as well as technical advances and im-
proved patient management-ushered in survival rates of
65% from 1980 to 19843; currently many centers report
one-year survival rates of 80% or better.4 6 After a 1983
National Institutes of Health consensus conference con-
cluded that liver transplantation had become a therapeutic
modality,7 many states and private insurers began to pay for
this procedure. Activity in the field has also increased from
26 transplants done in 1981 to more than 950 in the United
States in 1987.

This review is intended to update readers on advances in
this field, and we will attempt to provide insights into the
striking increase in survival following liver transplantation.
Readers must understand, however, that there have been few
randomized trials concerning any aspect of clinical liver
transplantation. Comparisons of patient selection, different
surgical techniques, or immunosuppressive regimens de-
pend on historical controls, comparisons between different
centers using different techniques, animal studies, and local
prejudice. Therefore, the validity is questionable.

Patient Selection
Careful selection of potential recipients and improved

preoperative management have contributed to the improved
transplant results. The selection process should be designed
to answer three important questions: First, does the patient
have a liver disease that is soon to progress to death or that
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significantly impairs the patient's quality of life and for
which no alternative therapy exists? Second, are there med-
ical contraindications present that would likely preclude a
successful liver transplant? Finally, does the patient have the
psychosocial characteristics necessary to comply with a post-
operative immunosuppression protocol?

Appropriate indications for liver transplantation can be
divided into general indications applicable to most forms of
chronic liver disease and specific indications appropriate to
one or only a few diseases (diseases for which liver trans-
plantation has been done are listed in Table 1).8-10 Indications
for liver transplant that are applicable to most chronic liver
diseases include ascites refractory to medical management,
encephalopathy that significantly impairs life-style, variceal
hemorrhage that is refractory to sclerotherapy, and the
hepatorenal syndrome. Indications that apply to specific liver
diseases include refractory pruritus (chronic cholestatic dis-
orders such as primary biliary cirrhosis or extrahepatic bil-
iary atresia), severe metabolic bone diseases with fracture
(primary biliary cirrhosis),1' recurrent cholangitis (primary
sclerosing cholangitis or extrahepatic biliary atresia), neuro-
toxicity (Wilson's disease), and correction of metabolic dis-
eases related to impaired synthesis of a liver-specific protein
(familial hypercholesterolemia, tyrosinemia, a ,-antitrypsin
deficiency, hereditary hyperoxaluria, the Crigler-Najjar syn-
drome type II).

Although these indications for liver transplantation are
generally accepted, the decision regarding the exact timing
of the operation is made difficult by the varying natural his-
tory of the liver disease.8 Ideally, transplantation should be
done at a time when a patient's general medical condition
would minimize operative mortality and morbidity,'2"13 but
where the liver disease severely jeopardizes one-year sur-
vival. Natural history data guide this decision. For example,
patients with primary biliary cirrhosis may remain relatively
free of complications until serum bilirubin levels exceed 10
mg per dl'4"5; at that point, complications can be anticipated
and a liver transplant should be considered. Similarly, in
patients with fulminant liver disease, a prothrombin time of
longer than 20 seconds or stage III encephalopathy (or both)
indicate limited survival without transplantation.'617 Unfor-
tunately, the natural histories of diseases such as chronic
active hepatitis with cirrhosis or primary sclerosing cholan-
gitis are much less predictable; consequently, decisions re-
garding the timing of transplantation are more difficult.
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ABBREVIATIONS USED IN TEXT
CMV = cytomegalovirus
HBsAg = hepatitis B surface antigen
HIV = human immunodeficiency virus

The contraindications for liver transplantation have
evolved as the field has developed. Widely accepted contra-
indications include sepsis, extrahepatic malignancy, and ad-
vanced cardiopulmonary disease-such as an arterial oxygen
pressure of less than 55 torr or pulmonary hypertension.9 10
Many transplant centers regard a positive test for the human
immunodeficiency virus (HIV) as a contraindication based
on data showing that in HIV-positive patients who have un-
dergone transplantation (before the availability of HIV
testing), the acquired immunodeficiency syndrome often
develops shortly after immunosuppressive therapy is insti-
tuted.18

Relative contraindications to liver transplantation include
the presence of the hepatitis B surface antigen (HBsAg),
hepatobiliary malignancy, portal vein thrombosis or other
anatomic anomalies, a previous portacaval shunt operation,
advanced age, renal failure, and active infection, although
some centers pursue transplantation in these groups. Past
experience indicates that the vast majority of HBsAg-posi-
tive patients retain or redevelop evidence of active viral rep-
lication after liver transplantation. Whether active or passive
immunization protocols will affect this remains to be
proved. 19X20 In addition, the incidence and natural history of
recurrent hepatitis B virus disease in the graft are not yet
defined. Primary hepatobiliary malignancy-that is, hepato-
cellular carcinoma and cholangiocarcinoma-is becoming a
less frequent indication for liver transplantation due to the
high incidence of tumor recurrence and poor long-term sur-
vival (20% survival at three years).8'21 The fibrolamellar
variant of hepatocellular carcinoma22 and incidental tumors
in children are exceptions. Experience with patients with
portal vein thrombosis or a previous portacaval anastomosis

TABLE 1.-Diseases for Which Liver Transplantation
Has Been Done

Adults Children

Cirrhosis Cirrhosis
Primary biliary cirrhosis Biliary atresia
Chronic active hepatitis Chronic active hepatitis
Cryptogenic cirrhosis Cryptogenic cirrhosis
Secondary biliary cirrhosis Caroli's disease
Primary sclerosing cholangitis Congenital Hepatic Fibrosis
Alcoholic cirrhosis Metabolic Disorder

Fulminant Liver Disease a,-Antitrypsin deficiency
Viral Wilson's disease
Drug-induced Tyrosinemia
Toxin-such as Amanita Glycogen storage disease
mushroom sp Byler's disease

Metabolic Liver Disease Sea-blue histiocytosis
Wilson's disease syndrome
Hemochromatosis Galactosemia
Protoporphyria Protoporphyria
Hereditary oxalosis Familial hypercholesterolemia

Hepatic Vein Occlusion Hepatobiliary Malignancy

indicates that these patients can successfully undergo a trans-
plant operation, although often at the risk of increased peri-
operative blood loss. These cases require appropriate angio-
graphic definition of the anatomy and careful preoperative
planning. Elderly patients must be carefully examined for
disease in other organ systems.23 Patients with concomitant
renal failure may require simultaneous renal transplantation.

Assessing a patient's compliance is difficult and varies
with the experience and philosophy of the transplant pro-
gram. Factors associated with poor compliance with immu-
nosuppression regimens include active alcohol or other drug
abuse, active psychiatric illness, or a history ofpoor compli-
ance with medical treatments. For patients in whom compli-
ance is an issue, a thorough psychological evaluation by
trained professionals is mandatory.

Because decisions regarding the indications, timing, and
appropriateness of liver transplantation are complex, most
programs use a selection committee to assist in patient-selec-
tion decisions.24 Selection committees typically comprise
representatives from the departments of surgery, medicine,
pediatrics, anesthesiology, intensive care, social work, pa-
thology, psychiatry, nursing, and hospital administration. At
the UCSF Medical Center, patient-selection committee
meetings are monitored by a member of the lay public, and
records of the proceedings of the meetings are maintained as

a matter ofpublic record.

Donor Selection
Currently there is a shortage ofdonors, particularly in the

pediatric age group. At present, 30% of children who are

acceptable candidates for transplantation die while waiting
for a suitable donor liver.25 With this shortage, it is important
that all physicians be aware of the need for donation and
approach the families of potential donors with the consider-
ation of organ donation. In doing so, they may expect that the
families will consent, as it has been estimated that more than
80% of families may choose to donate the organs ofa relative
ifgiven this option.26'27

The main criteria for selecting a donor are ABO blood-
type compatibility (for stable recipients), the relative body
size match, and the physiologic state of the donor. Although
the organ from a person with blood type 0 (universal donor)
can be used in any blood-type recipient, this practice should
be avoided except for recipients who are deteriorating rap-
idly. This is to allow type 0 recipients the same chance to
receive a liver as the frequency of the blood type in the
general population because type 0 recipients can receive
livers only from blood type 0 donors. Furthermore, there is a
suggestion that the use of nonidentical but compatible blood
group transplants may be associated with decreased surviv-
al.28 In cases of dire need, ABO-incompatible donors may be

used (primarily in type 0 recipients). Although this is associ-
ated with decreased survival, it is not clear whether the
poorer survival results from selecting patients who are more

gravely ill or from crossing the ABO barrier-resulting in

increased rejection or requiring increased immunosuppres-
sion. At the University of Minnesota (Minneapolis) Medical
Center, ten liver transplants from blood group A donors to
group 0 recipients were done with a 70% one-year actuarial
survival. All these transplants were carried out in patients
with an urgent need for transplantation (N. L. Ascher, MD;
J. P. Roberts, MD; and J. R. Lake, MD, unpublished data,
July 1988). Splenectomy, antilymphocyte globulin, and ex-

Veno-occlusive Disease Hepatoblastoma
Hepatocellular carcinoma Hepatocellular carcinoma
Cholangiocarcinoma
Angiosarcoma
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change transfusions for rising anti-A titers in the first week
following transplant were used prophylactically.

Donor-recipient size match is also important. Using a
liver that is too large can lead to respiratory compromise and
pressure necrosis of the graft. Using a donor liver that is too
small may result in a mismatch of vessel size with a resultant
relative stenosis. A recent advance in obtaining organs for
pediatric patients is the partial resection of larger livers to fit
into smaller recipients.29

One of the most dreaded outcomes of liver transplanta-
tion is primary nonfunction where the donor organ fails from
the outset to produce coagulation factors or bile. Primary
nonfunction is commonly fatal without immediate retrans-
plantation. To avoid this catastrophe, an accurate assessment
of the potential function ofthe donor liver is important. Tests
that offer sufficient predictive power to allow discriminating
between donor organs are currently lacking,30 although work
is progressing in this area.3" A sensitive and specific method
of predicting graft function may increase the pool of avail-
able donors, as many donor organs considered clinically un-
suitable may actually provide good function after a trans-
plant.

Current absolute contraindications to donation are a posi-
tive antibody to HIV, the presence of HBsAg, systemic ma-
lignancy, or sepsis.

Preserving the Donor Organ
Until recently, donor livers were preserved in a high os-

molar, potassium-rich solution initially used for renal preser-
vation. The mechanism of action of these solutions appears
related to the impermeant solutes that maintain a relatively
normal state of hydration of cells during preservation.32
A new solution with a different set of impermeant sub-
stances-hetastarch, melitose (raffinose), and lactobion-
ate-will likely extend the maximal preservation time from
10 hours to at least 20 hours.33 Longer preservation times
will create the possibility of intracontinental sharing, supe-
rior recipient preparation, and an unhurried approach to the
transplant procedure. Extended preservation may allow local
teams to procure a liver and ship it to a transplant center via
scheduled flights. This would end the expensive use of char-
tered aircraft to transport donor livers.

Organ Sharing
In October 1987, a nationwide organ sharing system was

instituted.34 The system is structured so that possibly avail-
able organs are first offered to local programs. If no local
recipient is available, then the organ is offered to centers
within a defined geographic region. If no regional recipient is
available, the organs are then offered nationally. The selec-
tion of recipients is based on criteria that allow for the level of
care the recipients are requiring. Patients in an intensive care
setting are assigned the highest priority. Patients who are still
able to work are assigned the lowest priority.

Operative Technique
Orthotopic liver transplantation remains a surgical tour

de force. Every aspect ofthe operation is fraught with poten-
tial complications. Much of the improved survival following
liver transplantation can be related to improvements in the
surgical and anesthetic techniques. The operation consists of
three phases: mobilization of the recipient liver, the anhe-

patic phase during which the vessels are clamped while the
recipient liver is removed and the donor liver sewn in, and
the period following revascularization ofthe donor liver.

The operative challenge of liver transplantation can be
traced to two specific complications of chronic liver disease.
First, there is impaired hemostasis from diminished hepatic
synthesis of coagulation factors and thrombocytopenia re-
sulting from portal hypertension with hypersplenism.
Second, portal hypertension also produces increased venous
collaterals, which are often most severe when there are adhe-
sions and scars from previous operations. The combination
of large nests of vessels to divide and the lack of coagulation
factors and platelets to provide hemostasis leads to the possi-
bility of extensive blood loss. The technical problems of
recipient hepatectomy are compounded in patients with pre-
vious right upper quadrant operations. Ifpatients are possible
transplant candidates, a right upper quadrant procedure
should be deferred, particularly central portosystemic
shunts.

The anesthetic management is directed toward main-
taining an adequate intravascular volume and a functioning
hemostatic system. This requires supplementing clotting fac-
tors with fresh frozen plasma and cryoprecipitate and cor-
recting thrombocytopenia. Anesthesiologists also must be
able to administer large volumes ofblood and blood products
rapidly. The development of the rapid transfusion device has
allowed for the delivery of warmed blood at a rate greater
than 2 liters per minute.3 A third anesthetic problem is main-
taining a normal electrolyte balance. Hypocalcemia from
receiving large volumes of citrated blood, acidosis, and hy-
perkalemia from reperfusion of the donor organ and from the
banked blood are common intraoperative events.

Venovenous Bypass
When liver transplantation was first attempted in ani-

mals, it was found that normal dogs did not tolerate pro-
longed clamping of the portal vein and inferior vena cava.
Hemodynamic instability led to the development ofa method
of shunting the blood from the portal vein and inferior vena
cava to the superior vena cava (venovenous bypass).36 This
provided the hemodynamic stability necessary to complete
the operation. Later work showed that bypass was not neces-
sary in dogs that had preexisting portal hypertension. Many
humans also tolerated vessel clamping without the use of the
bypass. In liver transplantation, clamping of the portal vein
and infrahepatic vena cava has three undesirable effects: a
loss of preload from a decreased venous return, an increase
in the vena caval pressure that theoretically can impede renal
venous return and compromise renal function, and bowel
edema from obstructing the portal system. Because of these
problems, the Pittsburgh group reinstated the use of the by-
pass, first in heparinized patients (which led to excessive
bleeding), then in those who had not received heparin.37 The
incidence of renal dysfunction and blood loss was diminished
in their patients with the use of the bypass as compared with
historical controls.

Other groups have reported successful liver transplanta-
tion without using a bypass and without an increase in renal
dysfunction or blood loss.4 38 It is possible to overcome the
loss of preload and maintain good urinary output during the
anhepatic phase without bypass by using the rapid transfu-
sion device. Advocates of the bypass describe the major ben-
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efit as allowing for an extended anhepatic phase when
training surgeons or in difficult technical situations.39

The use of the bypass is not without risk. Pulmonary
embolism, nerve injury, lymphoceles, and wound infections
have all been reported as complications. The specific benefits
of the bypass are unclear and would have to be determined in
a randomized trial.

Biliary Reconstruction
The biliary drainage procedure is responsible for most of

the complications following liver transplantation. In early
reports of liver transplantation, an incidence of 34% to 53 %
and a mortality of 25% to 30% occurred from biliary tract
complications.40'41 The incidence of biliary complications
has decreased to 12% to 13% .42,43 Improvements have come
from standardizing the reconstruction of the biliary tract to
either a choledochocholedochostomy-donor bile duct to re-
cipient bile duct-in recipients with normal bile ducts or a
Roux-en-Y choledochojejunostomy in those patients with
abnormal bile ducts, such as patients with extrahepatic bil-
iary atresia or sclerosing cholangitis.

Biliary complications require immediate intervention to
divert the bile, usually done by transhepatic biliary drainage
and drainage of any associated bile collections. A disruption
ofthe anastomosis requires revision while late strictures may
be managed by balloon dilatation and stenting. Two caveats
have been suggested in cases of biliary complications. The
first is that ultrasonography may be unreliable in diagnosing
biliary tract dilatation in a liver transplant recipient,44 and,
second, the presence of biliary tract problems should raise
the possibility ofa hepatic artery thrombosis.45

Hepatic artery thrombosis. Because liver transplantation
interrupts the arterial collaterals to the liver, subsequent
thrombosis of the hepatic artery results in a total loss of
arterial blood flow to the hepatic parenchyma and the biliary
tree, leading to hepatic necrosis and biliary complications.
The resulting biliary tract lesion resembles sclerosing chol-
angitis with bile duct strictures and dilatation. The incidence
of hepatic thrombosis is about 3% to 10%, with a higher rate
in pediatric patients and in patients with complex vascular
reconstructions.46 Hepatic artery thrombosis occurring im-
mediately after transplant is particularly hazardous as new
collaterals have not developed; the mortality in this setting is
50%. Current emphasis has been on early detection by the
use of electromagnetic flow probes to recognize decreased
flow in the hepatic artery,47 the use of Doppler ultrasound to
test for arterial patency in the postoperative period, and the
use ofaspirin to prevent thrombosis.

Thrombosis in the immediate postoperative period usu-
ally requires retransplantation, although it is possible that
early recognition, a thrombectomy, and an anastomotic revi-
sion may preserve the liver and biliary tree.48 Late throm-
bosis may lead to abscess formation and biliary strictures or
follow a more benign course, possibly due to the develop-
ment ofcollaterals to the liver.

Portal vein thrombosis. Thrombosis of the portal vein
occurs in 1. 8% of transplants and carries a better prognosis
than hepatic artery thrombosis. Liver function may be main-
tained, but portal hypertension and variceal hemorrhage fre-
quently develop. The Pittsburgh group currently recom-
mends conventional treatment for varices in those patients
who have normal liver function following portal vein throm-
bosis.49

Nonsurgical Complications in the Immediate
Postoperative Period

Renal dysfunction is common in the posttransplant pe-
riod. Some series report the need for dialysis in 25% of
patients after a transplant.50 Immediate renal dysfunction in
liver transplant recipients is often related to the use of cyclo-
sporine. Acute cyclosporine toxicity is mediated by a reduc-
tion of renal blood flow and the glomerular filtration rate.51
This action is manifested clinically by oliguria accompanied
by a low fractional excretion of sodium. This can result in
significant salt and water retention despite the presence of
hypervolemia and a salt and water excess due to intraopera-
tive crystalloid and colloid use. Our approach to this problem
is to administer intravenous cyclosporine continuously be-
ginning at a dose of 0.25 mg per kg body weight per 24
hours, with a gradual increase in the dose to a maximum of 3
mg per kg per 24 hours. To overcome the renal salt retention,
intravenous furosemide and dopamine hydrochloride are ad-
ministered to maintain a good urine output, euvolemia, and a
return to near the preoperative weight within 72 hours. If the
urinary output remains low, the cyclosporine therapy is dis-
continued for four hours and reinstituted at a lower dose
when the urinary output returns to normal. This approach
has led to an incidence of posttransplant dialysis of less than
5 % at the University of Minnesota and UCSF.4 The use of
lower doses of cyclosporine is possible because of the con-
comitant use ofazathioprine in the postoperative period.

Infection
Infectious complications are common with the use of

immunosuppression. It is estimated that, on average, at least
one episode of bacterial infection will develop in a patient
with a liver transplant, and there is a 40% to 50% chance that
fungal or viral infections will develop.52

The sources of bacterial infections are generally the bil-
iary- tree, intra-abdominal abscess, pneumonia, and central
venous catheters.4 These infections are often associated with
complications of the liver transplant; the result of decreasing
technical complications should be a decrease in the number
ofbacterial infections.

Pneumocystis carinii pneumonia is an important problem
in transplant patients. These infections can be eliminated in
immunocompromised patients through the prophylactic use
of trimethoprim and sulfamethoxazole. 53 Intermittent
therapy-three times a week-has recently been shown to be
as effective as daily therapy in decreasing fungal infections.53
With prophylaxis, P carinii morbidity and mortality should
be eliminated in transplant patients.54
Viral Infections

Viruses of the herpes family are the most common viral
pathogens following a transplant. Herpes simplex and vari-
cella-zoster virus infections generally present with muco-
cutaneous manifestations, and therapy with acyclovir ap-
pears to be effective. More serious infections occur with the
cytomegalovirus (CMV). The onset of CMV infection gen-
erally occurs within the first two months. In one report, 9 of
12 patients in whom CMV infection developed were symp-
tomatic.55 The infections that appear to be particularly se-
rious are those in patients with negative CMV serologic tests
before transplant (primary infections). These patients appear
to acquire the infection from either a seropositive liver donor
or blood donors. The ability to protect seronegative recipi-
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ents from primary infection appears to be possible through
the use of seronegative liver and blood donors, but the avail-
ability of large amounts of CMV-negative blood products is
limited. Using the new antiviral agent ganciclovir has been
reported to be effective in serious CMV infections following
liver transplantation.56

Mechanisms of Liver Transplant Rejection
The incidence of liver transplant rejection ranges from

20% to 80% depending on the criteria used to make the
diagnosis. Some groups require only histologic evidence of
rejection while other groups require histologic changes in
association with clinical manifestations or laboratory abnor-
malities or both. The classic histologic features ofliver trans-
plant rejection are primarily seen in the portal triads.57,58
Portal-based cellular infiltrate, bile duct epithelial damage,
and central vein and portal vein endotheliitis are the most
common features of rejection. The sites and distribution of
the human leukocyte antigens within the liver correlate with
the histologic picture of rejection and are felt to be of impor-
tance in the pathogenesis of rejection. Bile duct epithelium
and central vein endothelium are rich in class I and class II
antigens, and increased antigenic expression can be noted
during acute rejection.59 Hepatocytes have modest amounts
of class I expression and virtually no class II expression even
during acute rejection. This may explain why hepatocyte
injury is seen only late in the rejection process.

An example of the specificity of the rejection process for
the portal tracts and particularly for the bile ducts is seen in
the histologic features of the "vanishing bile duct" syndrome
occasionally seen in cases ofliver transplant rejection. In this
variant of chronic rejection, an intense inflammatory reac-
tion destroys the bile ducts, and after the bile ducts "vanish"
the inflammatory cells also disappear, as if the bile duct
epithelium were the only target of the inflammatory cells.
The histologic finding following this rejection process is of
hepatocytes that appear normal and portal tracts without in-
flammatory cells but also without bile ducts.60

A further refinement over identifying lymphocytes within
the portal tract during rejection is the use of lymphocytic
antigenic markers to identify specific lymphocyte subsets.
Perkins and co-workers found that the patterns of T-helper
cells alone or a combination ofT-helper and T-cytotoxic/sup-
pressor cells within the portal tracts predicted for and ante-
dated clinical manifestations of rejection.61 Thus, the current
evidence supports a major cellular component in the rejec-
tion of liver allografts. The cellular rejection appears to be of
the classic type, initiated by T-helper cells, which are stimu-
lated by class II antigens in the bile duct epithelium and
central vein endothelium, and effected through T-cytotoxic
cells whose activity is directed against class I antigens pre-
sent on bile duct epithelium, central vein endothelium, and
less intensely on hepatocytes.

The role ofantibodies in acute or chronic liver rejection is
uncertain. The presence in a recipient of a preformed anti-
body against donor antigens does not adversely affect the
liver allograft outcome.62 The depletion of high antibody
titer or inducer cells that amplify the antibody response can
accompany the blood loss that frequently occurs during
transplantation and may dampen the antibody's effect in graft
inJury.
A diagnosis of rejection based solely on histologic find-

ings remains controversial. Until a randomized trial is car-

ried out subjecting patients with histologic changes alone to
either treatment or observation, the significance ofhistologic
changes will remain unknown. Laboratory abnormalities,
however, have been nonspecific in a number of studies; they
do not differentiate rejection from other causes of hepatic
dysfunction.63 Clinical signs and symptoms of liver trans-
plant rejection are equally nonspecific. Fever, a decreased
bile output, a change in bile consistency, graft tenderness and
swelling, increased ascites, and a decreased level of con-
sciousness have all been reported to accompany rejection but
are not specific. The group at the University of Minnesota
reported on 58 consecutive patients who underwent weekly
percutaneous biopsy after transplants to diagnose rejection.
Treatment was instituted based on the histologic diagnosis of
rejection. The incidence ofbiopsy-proved rejection was 77%
in adult patients and 73% in pediatric patients. Moreover,
with this aggressive approach, the incidence of patients re-
quiring retransplantation for chronic rejection was less than
5%.4 This compares favorably with a 20% to 25% retrans-
plantation rate in other programs.64 Moreover, despite the
frequent need for the treatment of rejection, the death rate
from infection following transplantation was only 11 .

Preventing Rejection
The agents used to prevent liver transplant rejection are

the same ones used to maintain other whole-organ grafts.
The current mainstay of immunosuppressive programs is
cyclosporine, and most regimens involve combining two or
more drugs to maximize immunosuppressive synergy and
minimize drug toxicity. Cyclosporine, a cyclic endecapeptide
first described by Borel and colleagues in 1977,65 has pro-
found inhibitory effects on interleukin-2 production and in-
hibits T-cell proliferation. This blocks amplification of the
rejection reaction, dampening the full-blown rejection re-
sponse. The side effects of cyclosporine use include nephro-
toxicity, hypertension, hirsutism, hypertrichosis, gingival
hyperplasia, malignancy, hand tremors, painful paresthesia
of palms and soles, benign fibroadenomas, and hepatotox-
icity. Many of these complications are dose related and can
be resolved with dose modification.

Steroids continue as a major component of the antirejec-
tion regimen, acting at several levels of the immune re-
sponse, including antigen processing and presentation, inhi-
bition of lymphocyte proliferation, and decreased expression
of class II antigens. The side effects of steroid use include
sodium retention, hypertension, impaired wound healing,
increased infections, and glucose intolerance. Azathioprine,
an antimetabolite, inhibits cellular proliferation and is often
used in conjunction with prednisone and cyclosporine. Its
suppressive effects on the bone marrow can be titrated along
with its dose.

Treating Rejection
The optimal therapy for liver transplant rejection has not

been determined. According to the Boston Consortium
Study, many first-time, mild rejection episodes can be suc-
cessfully treated with increased doses of steroids. Continued
rejection or subsequent rejections are best treated with anti-
lymphocyte globulin or monoclonal OKT3 antibodies.66 Ad-
ministering these antilymphocyte preparations, though suc-
cessful in treating rejection, is associated with an increased
incidence ofviral infections.4
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Summary
Improved survival following liver transplantation in the

1980s has not been the result of any one advance. Earlier
patient referral and better patient selection have led to recipi-
ents who are likely to be long-term survivors following a

transplant while not eliminating those marginal patients who
will benefit from it. Improvements in donor organ recovery

have increased the pool of acceptable organs available and,
therefore, have decreased waiting time, allowing transplanta-
tion before the irreversible deterioration of a recipient. Better
operative techniques have led to fewer complications, and
techniques of anesthetic management have decreased intra-
operative death and postoperative morbidity. Immunosup-
pression and the treatment of rejection have improved, re-

sulting in a decrease in retransplantation, making more

organs available to other patients while not increasing the
complications of immunosuppression.

These advances have occurred in an accelerated fashion
since 1980. It would be expected that a plateau in improve-
ments has not been reached yet, and the 1990s will herald not

only improved survival but decreased costs, complications,
and hospital stays.

REFERENCES

1. Starzl TE, Marchioro TL, Von Kaulla KN, et al: Homotransplantation of the
liver in humans. Surg Gynecol Obstet 1963; 1 17:659-676

2. Starzl TE, Groth CG, Brettschneider L, et al: Orthotopic homotransplanta-
tion of the human liver. Ann Surg 1968; 168:392-415

3. Starzl TE, Iwatsuki S, Van Thiel DH, et al: Evolution of liver transplantation.
Hepatology 1982; 2:614-636

4. Stock PG, Snover D, Payne W, et al: Biopsy-guided immunosuppressive
therapy in the treatment of liver transplant rejection: An individualized approach.
Clin Transplant 1987; 1:179-186

5. Goldstein RM, Olson IM, Klintmalm GBG, et al: Decreased mortality asso-

ciated with orthotopic liver transplantation. Transplant Proc 1988; 20 (suppl
1):505-507

6. Kalayoglu M, Strottz RJ, Hoffman RM, et al: Quadruple immunosuppressive
therapy for liver transplantation. Transplant Proc 1988; 20 (suppl 1):524-529

7. LiverTransplantation: Consensus Conference. JAMA 1983; 250:2961-2964
8. Scharschmidt BF: Human liver transplantation: Analysis of data on 540 pa-

tients from fourcenters. Hepatology 1984; 4 (suppl):95S-10l S
9. Jenkins R: Liver transplantation in the adult. Transplant Rev 1987; 1:1-30
10. Busuttil RW, Goldstein LI, Danovitch GM, et al- Liver transplantation

today. Ann Intern Med 1986; 104:377-389
11. Wiesner RH, Dickson ER, Hodgson SF, et al: The effect of liver transplanta-

tion on bone mineral density in primary biliary cirrhosis. Hepatology 1987; 7:1049
12. Cuervas-Mons V, Millan I, Gavaler JS, et al: Prognostic value of preopera-

tively obtained clinical and laboratory data in predicting survival following ortho-
topic liver transplantation. Hepatology 1986; 6:922-927

13. Shaw BW Jr, Wood RP, Gordon RD, et al: Influence of selected patient
variables and operative blood loss on six-month survival following liver transplan-
tation. Semin LiverDis 1985; 5:385-393

14. Esquivel CO, Van Thiel DH, Demetris HA, et al: Transplantation for pri-
mary biliary cirrhosis. Gastroenterology 1988; 94:1207-1216

15. Neuberger J, Altman DG, Christensen E, et al: Use of a prognostic index in
evaluation of liver transplantation for primary biliary cirrhosis. Transplantation
1986; 41:713-716

16. Bernuau J, Rueff B, Benhamou JP: Fulminant and subfulminant liver
failure: Definitions and causes. Semin Liver Dis 1986; 6:97-106

17. Iwatsuki S, Esquivel CO, Gordon RD, et al: Liver transplantation for fulmi-
nanthepatic failure. Semin Liver Dis 1985; 5:325-328

18. Rubin RH, Jenkins RL, Shaw BW Jr, et al: The acquired immunodeficiency
syndrome and transplantation. Transplantation 1987; 44:1-4

19. Lauchart W, Muller R, Pichlmayr R: Long-term immunoprophylaxis of
hepatitis B virus reinfection in recipients of human liver allografts. Transplant Proc
1987; 19:4051-4053

20. Demetris AJ, Jaffe R, Sheahan DG, et al: Recurrent hepatitis B in liver
allograft recipients-Differentiation between viral hepatitis B and rejection. Am J
Pathol 1986; 125:161-172

21. Calne RY: Liver transplantation for liver cancer. World J Surg 1982;
6:76-80

22. Starzl TE, Iwatsuki S, Shaw BW Jr, et al: Treatment of fibrolamellar hepa-
toma with partial or total hepatectomy and transplantation of the liver. Surg Gynecol
Obstet 1986; 162:145-148

23. Starzl TE, Todo S, Gordon R, et al: Liver transplantation in older patients
(Letter). N Engl J Med 1987; 316:484-485

24. Klintmalm G, Moore AE: Organization of a new liver transplant center.
Semin LiverDis 1985; 5:412-417

25. Malatack JJ, Scheid DJ, Urbach AH, et al: Choosing a pediatric recipient for
orthotopic liver transplantation. J Pediatr 1987; 3:479-489

26. Gallup Organization: Attitudes and Opinions of the American Public To-
ward Kidney Donation. Prepared for the National Kidney Foundation, 1983 [Two
Park Aye, New York, NY 10016]

27. Denny D: Liver procurement for transplantation, chap 19, In Winter PM,
Kang YG (Eds): Hepatic Transplantation: Anesthetic and Perioperative Manage-
ment. New York, Praeger, 1986, pp 244-259

28. Gordon RD, Iwatsuki S, Esquivel CO, et al: Experience with primary liver
transplantation across ABO blood groups. Transplant Proc 1987; 19:4575-4579

29. De Hemptinne B, Salizzoni M, Yandza TC, et al: Indication, technique, and
results of liver graft volume reduction before orthotopic transplantation in children.
Transplant Proc 1987; 19:3549-3551

30. Makowka L, Gordon RD, Todo S, et al: Analysis of donor criteria for the
prediction of outcome in clinical liver transplantation. Transplant Proc 1987;
19:2378-2382

31. Burdelski M, Oellerich M, Raude E, et al: A novel approach to assessment
of liver function in donors. Transplant Proc 1988; 20:591-593

32. Downes G, Hoffman R, Wuan J, et al: Mechanism of action of washout
solutions for kidney preservation. Transplantation 1973; 16:46-53

33. Kalayoglu M, Sollinger HW, Stratta RJ, et al: Extended preservation of the
liver for clinical transplantation. Lancet 1988; 1:617-619

34. Starzl TE, Hakala TR, Tzakis A, et al: A multifactorial system for equitable
selection ofcadaver kidney recipients. JAMA 1987; 257:3073-3075

35. Sassano JJ: Rapid infusion system, chap 14, In Winter PM, Kang YG (Eds):
Hepatic Transplantation: Anesthetic and Perioperative Management. New York,
Praeger, 1986, pp 120-134

36. Starzl TE, Kaupp HA, Brock DR, et al: Reconstructive problems in canine
liver transplantation with special reference to the postoperative role of hepatic
venous flow. Surg Gynecol Obstet 1960; 111:733-743

37. Shaw BW Jr, Martin DJ, Marquez JM, et al: Venous bypass in clinical liver
transplantation. Ann Surg 1984; 200:524-534

38. Wall WJ, Grant DR, Duff JH, et al: Blood transfusion requirements and
renal function in patients undergoing liver transplantation without venous bypass.
Transplant Proc 1987; 19 (suppl 3):17-20

39. Shaw BW Jr: Some further notes on venous bypass for orthotopic trans-
plantation ofthe liver. Transplant Proc 1987; 19 (suppl 3): 13-16

40. Calne RY, McMaster P, Portmann B, et al: Observations on preservation,
bile drainage and rejection in 64 human orthotopic liver allografts. Ann Surg 1977;
186:282-290

41. Starzl TE, Putnam CW, Hansbrough J, et al: Biliary complications after
liver transplantation: With special reference to the biliary cast syndrome and tech-
niques ofsecondary duct repair. Surgery 1977; 81:212-221

42. Hollins RR, Wood RP, Shaw BW: Biliary tract reconstruction in orthotopic
liver transplantation. Transplant Proc 1988; 20 (suppl 1):543-545

43. Lerut J, Gordon RD, Iwatsuki S, et al: Biliary tract complications in human
orthotopic livertransplantation. Transplantation 1987; 43:47-51

44. Zajko A, Zemel G, Skolnick M, et al: Percutaneous transhepatic cholangi-
ography rather than ultrasound as a screening test for postoperative biliary compli-
cations in liver transplant patients. Transplant Proc 1988; 20 (suppl 1):678-681

45. Zajko A, Campbell W, Logsdon G, et al: Biliary complications in liver
allografts after hepatic artery occlusion: A six-and-a-half-year study. Transplant
Proc 1988; 20:607-609

46. Tzakis AG, Gordon RD, Shaw BW Jr, et al: Clinical presentation of hepatic
artery thrombosis after liver transplantation in the cyclosporine era. Transplantation
1985; 40:667-671

47. Klintmalm G, Olson L, Paulsen A, et al: Hepatic arterial thrombosis after
liver transplantation: Intraoperative electromagnetic blood flow evaluation. Trans-
plant Proc 1988; 20:616-618

48. Klintmalm G, Olson L, Nery J, et al: Treatment of hepatic artery thrombosis
after liver transplantation with immediate vascular reconstruction: A report of three
cases. Transplant Proc 1988; 20(suppl 1):610-612

49. Lerut J, Gordon R, Iwatsuki S, et al: Human orthotopic liver transplanta-
tion: Surgical aspects in 393 consecutive grafts. Transplant Proc 1988; 20 (suppl 1):
603-606

50. Busuttil RW, Colonna JO 2nd, Hiatt JR: The first 100 liver transplants at
UCLA. Ann Surg 1987; 206:387-402

51. Barros EJG, Boim MA, Ajzen H, et al: Glomerular hemodynamics and
hormonal participation on cyclosporine nephrotoxicity. Kidney Int 1987; 32:19-25

52. Ho M: Infections in liver transplant recipients, In Winter PM, Kang YG
(Eds): Hepatic Transplantation: Anesthetic and Perioperative Management. New
York, Praeger, 1986, pp202-214

53. Hughes WT, Kuhn S, Chaudhary S, et al: Successful chemoprophylaxis of
Pneumocystis carinii pneumonitis. N Engl J Med 1977; 297:1419-1426

54. Hughes WT, Rivera GK, Schell MJ, et al: Successful intermittent chemo-
prophylaxis for Pneumocystis carinii pneumonitis. N Engl J Med 1987; 316:1627-
1632

55. Rakela J, Wiesner RH, Taswell HF, et al: Incidence of cytomegalovirus
infection and its relationship to donor-recipient serologic status in liver transplan-
tation. Transplant Proc 1987; 19 (Pt 3):2399-2402

56. De Hemptinne B, Lamy ME, Salizzoi M, et al: Successful treatment of
cytomegalovirus disease with 9-(1,3-dihydroxy-2-propoxymethyl) guanine. Trans-
plant Proc 1988; 20:661-662

57. Eggink HF, Hofstee N, Gips CH, et al: Histopathology of serial graft biop-
sies from liver transplant recipients. Am J Pathol 1984; 1 14:18-3 1

58. Snover DC, Sibley RK, Freese DK, et al: Orthotopic liver transplantation:
A pathological study of 63 serial liver biopsies from 17 patients with special refer-
ence to the diagnostic features and natural history of rejection. Hepatology 1984;
4:1212-1222

59. Takacs L, Szende B, Monostori E, et al: Expression of HLA-DR antigens on
bileduct cells of rejected liver transplant (Letter). Lancet 1983; 2:1500

60. Ludwig J, Wiesner RH, Batts KP, et al: The acute vanishing bile duct
syndrome (acute irreversible rejection) after orthotopic liver transplantation. Hepa-
tology 1987; 7:476-483

61. Perkins JD, Wiesner RH, Banks PM, et al: Immunohistologic labeling as an
indicator of liver allograft rejection. Transplantation 1987; 43:105-108

62. Iwatsuki S, Iwaki Y, Kano T, et al: Successful liver transplantation from

crossmatch-positive donors. Transplant Proc 1981; 13:286-288
63. Sankary HN, Williams JW, Foster PF: Can serum liver function tests differ-

entiate rejection from other causes of liver dysfunction after hepatic transplantation?
Transplant Proc 1988; 20 (suppl 1):669-670

64. Esquivel CO, Fung JJ, Markus B, et al: OKT3 in the reversal of acute hepatic
allograft rejection. Transplant Proc 1987; 19:2443-2446

65. Borel JP, Feurer C, Magnee C, et al: Effects of the new anti-lymphocytic
peptide cyclosporin A in animals. Immunology 1977; 32:1017-1025

66. Cosimi AB, Cho SI, Delmonico FL, et al: A randomized clinical trial

comparing OKT3 and steroids for treatment of hepatic allograft rejection. Trans-

plantation 1987; 43:91-95

149 * 3 321


